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Skeletal frame-size variations in adolescent female 
Nigerian school children in Lagos

Abstract

Introduction: Limited information is available about the skeletal frame size of urban-
dwelling adolescent female West African children. Aim and Objective: This study assessed 
variations in skeletal frame-size as estimated from the truncal breadths of adolescent female 
Nigerian children from two different socioeconomic backgrounds in Lagos. Materials and 
Methods: Anthropometric measurements of biacromial, bi-iliocristal, bitrochanteric, and 
chest breadths were taken from 320 adolescent female school children aged 10-17 years 
selected from public and private schools in Lagos using a systematic random method. The 
socioeconomic status (SES) of the subjects was classified on the basis of attendance at 
either fee-paying private or non-fee-paying public schools. Results:The range of skeletal 
breadth measurements were as follows: Biacromial breadth 32.24 ± 2.01 cm to 34.23 ± 
1.35 cm; bi-iliocristal breadth 22.46 ± 1.07 cm to 23.75 ± 1.47 cm; bitrochanteric breadth 
24.47 ± 2.22 cm to 28.29 ± 2.10 cm; and chest breadth 18.43 ± 2.14 cm to 19.71 ± 0.75 
cm. Statistically significant differences were observed in the mean biacromial, bi-iliocristal, 
bitrochanteric, and chest breadths between age-matched private school girls (PRG) and 
public school girls (PUG). Conclusion: The observed variations in skeletal frame size among 
female adolescents may reflect a complex interaction between lifestyle and biological 
variables existing in this population, suggesting a morphologic uniqueness among the 
adolescent females of Lagos that calls for further systematic investigation.
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The relevance of skeletal frame size estimation in human 
subjects has been highlighted in anthropometric studies 
where body composition indices are correlated with 
physiological body composition measures. This is more 
clearly manifested in girls, where adolescence takes 
on a special signifi cance as it also marks entry into the 
reproductive life cycle.[4]

In previous studies assessing severe and chronic 
malnutrition, especially in growing children where gross 
morphologic disturbances may occur, skeletal frame size 
estimates have been shown to be useful proxy estimates 
of relative fatness (endomorphy) and musculoskeletal 
robustness (mesomorphy) according to the Heath-Carter 
somatotype method.[5,6] In addition, the socioeconomic 
background and lifestyle factors that often infl uence 
pa  erns of nutritional intake, and the pa  erns of physical 
activity and the other environmental stresses that aff ect 
the development of the skeletal frame appear to manifest 
signifi cantly during the adolescent growth period.[7-9] In 
the Third World, especially among African children, the 
widening margin of the inequalities between the poor 
and the better-off appear to manifest in the varying 

INTRODUCTION

Skeletal frame size is a description of the supportive structure 
of the skeleton that is used to adjust for skeletal mass and size 
in measures of body composition and weight.[1] As estimated 
from the biacromial, bi-iliocristal, bitrochanteric, and chest 
breadths, it provides an indication of the robustness of the 
truncal skeleton. The marked variation in body size observed 
during the adolescent period is associated with variation in 
the rate of biological maturation,[2] diff erential growth of 
body segments arising from changes in the sensitivity of 
bone growth plates to the eff ects of growth promoting and 
inhibiting factors at diff erent periods during development, 
and at diff erent sites of the skeleton.[3]
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pa  erns of physical growth observed among adolescent 
children.[10-15]

While a recent study[16] summarized the status of the 
increasing body of knowledge on current frame size 
studies focused primarily on the young adult, information 
regarding the patterns of growth variation within the 
female adolescent age-group, upon which adult variations 
are predicated, is rather scanty in the literature. Further, 
the status of age-wise truncal skeletal frame size variation 
among Nigerian adolescents has scarcely been reported. The 
objectives of this study, therefore, were 1) to characterize 
the pa  ern of growth in skeletal frame size among male 
adolescent Nigerian school children using truncal breadths 
as indicators, 2) to compare our fi ndings with reference 
data, and 3) to assess the possible infl uence of variations in 
socioeconomic status (SES) among the participants.

MATERIALS AND METHODS

Institutional approval for the study and consent
Ethical clearance to conduct this study was obtained from the 
Research Grants and Experimentation Ethics Commi  ee of 
the College of Medicine of the University of Lagos (CMUL) 
prior to the commencement of sampling and measurements 
in the schools. Written approval obtained from the 
authorities at the Mushin Local Education District of the 
Lagos State Universal Basic Education Board (SUBEB) and 
from the authorities at the University of Lagos International 
School enabled access to the study participants. Strict 
compliance with local/institutional rules regarding consent 
for every individual subject was ensured. Consent was 
obtained from each subject who participated in the study 
by way of a consent form given individually to each child to 
provide assent by their parents. This was after the purpose 
and procedure of measurement had been carefully explained 
to them. Only those children who returned forms signed by 
their parents or guardians were included in the study. All 
participants received a guarantee of preservation of their 
personal space throughout the measurement exercise. Their 
right to withdraw, if so desired, at any stage of the study 
was also stated clearly to them.

Subject selection
This cross-sectional study involved 354 female volunteers 
aged 10-17 years selected by multistage stratifi ed random 
sampling from two secondary schools, the University 
of Lagos International School and Oduduwa Secondary 
School, Mushin, according to an SES classifi cation protocol 
modifi ed from previous studies on recognized systems of 
classifi cation of schools as a proxy for the SES of children.

As found from school records and the response to 
individualized questioning, the ethnocultural distribution 
of the biological parentage of the study participants 
indicated the percentage of same-ethnic-group Nigerians 

to be 61%, mixed-ethnic Nigerians to be 36%, and mixed 
Nigerian transnationals to represent less than 3% of the 
study sample. The Nigerian ethnic nationalities represented 
included the Yoruba, Ibo, Edo, Urhobo, Itsekiri, Ijaw, Ibibio, 
Efi k, Annang, Igala, Hausa-Fulani, Nupe, Idoma, and Tiv. 
Excluded from the study were the following: Pure-breed 
Caucasian, African and Near East Semitic (Jewish and 
Arab), and Far East Asian children; the acutely ill and the 
physically challenged; children on any form of continuous 
medication; children with poor health conditions that 
manifested with overt signs of stunted growth or physical 
emaciation or excessively obese children.

Age estimation
The dates of birth of the subjects were collected from 
the school registers and confi rmed from the participants 
individually. In case of an anomaly, participants were 
requested to confirm the dates from their parents. 
The decimal age of each participant was calculated by 
subtracting the date of birth of the subject from the date of 
data collection, using a decimal age calendar. All participants 
aged between 13.51 and 14.50 years were classifi ed in the 
age group of 14 years, while those aged between 14.51 and 
15.50 years were included in the age group of 15 years. The 
same principle was applied throughout to classify all the 
participants into appropriate age groups.

Anthropometry
Materials
GPM™ anthropometer (classical ,  s tandardized 
anthropometer) available at Rosscraft® Scientifi c, Canada. 
See photograph of complete set in Figure 1.

Methods
The anthropometric variables measured included 
biacromial breadth, bi-iliocristal breadth, chest breadth, 
and bitrochanteric breadth, according to the protocols 
recommended by the International Society for the 

Figure 1: Plate illustrating the complete set of the Martin GPM 
anthropometer
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Advancement of Kinanthropometry (ISAK) later adapted 
for Nigerian schools, as follows.

Procedure
Biacromial breadth [Figure 2]
With the anthropometrist standing behind the subject 
and the branches of the anthropometer gripped by the 
thumb and the index fi nger and rested on the backs of the 
hands, biacromial breadth was measured as the distance 
between the most lateral points on the acromial processes 
when the subject stood erect with his/her arms hanging 
loosely at the sides. The branches of the caliper pointed 
upward at an angle of about 45° from the horizontal to 
encompass the largest diameter between the acromial 
processes.

Bitrochanteric breadth
With the anthropometrist standing behind the subject and 
the branches of the anthropometer gripped by the thumb 
and the index fi nger and rested on the backs of the hands, 
bitrochanteric breadth was measured as the maximum 
distance between the most lateral points on the greater 
trochanter of the left and right femurs when the subject’s 
arms were folded over the chest.

Bi-iliocristal breadth [Figure 3]
With the anthropometrist standing in front of the subject, bi-
iliocristal breadth was determined as the distance between 
the most lateral points on the superior border of the iliac 
crest. The branches of the caliper pointed upward at an angle 
of about 45° from the horizontal to encompass the largest 
diameter between the lateral aspects of the iliac crests. Firm 
pressure was applied to the branches over the iliac sites by 
the anthropometrist’s index fi ngers.

Transverse chest breadth
The distance of the lateral aspect of the thorax at the level 
of the most lateral aspect of the fourth costal cartilage was 
obtained by applying the large, sliding caliper to the subject, 
who was seated erect and facing the anthropometrist. 
This measurement was made at the end of the normal 
expiratory excursion (end-tidal) by instructing the subject 
to inhale, followed by exhaling fully and thereafter holding 
the breadth. Care was taken to apply the anthropometer 
(now modifi ed as a sliding caliper) at an angle of about 
30° downward from the horizontal, avoiding both the 
pectoral and latissimus dorsi muscle contours. With the site 
approximated, the anthropometrist removed the thumbs 
from the pinch grasp of the branches and applied fi rm 
pressure with the index fi ngers.

In all four situations, the scale of the anthropometer was 
balanced on the forearms, firm pressure being applied 
to the branches over the anatomical sites to compress 
on soft tissues, and the scale was read to the nearest 
0.1 cm.

Measurement error
The validity of the skeletal frame size estimates depended 
on the reliability of the measurements used. To achieve 
quality assurance and reliability of the estimates, training 
of the five coauthors (Master of Science in Anatomy 

Figure 2: Plate illustrating position of biacromial breadth 
measurement 

Figure 4: Plate illustrating position of chest breadth measurement

Figure 3: Plate illustrating position of bi-iliocristal breadth 
measurement
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students) in anthropometric techniques was carried out by 
the fi rst author (an ISAK-certifi ed anthropometrist) at the 
Department of Anatomy, CMUL, prior to commencement 
of the study. Measurements were carried out in two groups 
of “threes,” each group consisting of the following: 1) a 
tester, 2) an assistant, and 3) the recorder. This training 
ensured that all the researchers achieved an acceptable 
degree of reliability with estimates. Thus, the technical 
error of measurement (TEM), a measure of precision or 
replicability, was estimated to determine measurement 
error intrinsic to this study. The procedures, carried out 
both before and during the study and in strict compliance 
with the requirements of ISAK, are described briefl y below.

Intratester TEM
Six measurements, taken by each tester on the same set 
of subjects, were repeated “blind.” The six “pairs” of 
measurement, biacromial/bi-iliocristal and chest breadth/
bitrochanteric breadth, were compared using the equation 
(4) given as follows:

TEM = [∑d2/2n] 0.5

where d = diff erence between the fi rst and second measures 
of each measurement used and n = number of measurement 
sites on the subjects. This test is the most basic indicator 
of the individual tester’s expertise in taking precise 
measurements.

Intertester TEM
Six measurements were each taken by both the tester and 
the quality assurance person (certifi ed anthropometrist). 
This “pair” of measurements was also compared using the 
equation given above.

The subjects, variables, and measurement procedures used 
for the two types of TEM were the same, and the tests had 
to be carried out independently. As one of the testers is a 
certifi ed anthropometrist, the intertester TEM was used as 
a measure of accuracy. The TEM provided an estimate of 
the measurement error that is in the units of measurement 

of the variable. This value indicates that 68% of the time a 
measurement should fall within ± of the TEM.

Statistical analysis
All data were analyzed for mean, standard deviation (SD), 
and median, while the diff erences between independent 
groups were analyzed by the t-test using the Microsoft™ 
Excel 2010 statistical package installed on a desktop 
computer located in the Department of Anatomy, College 
of Medicine, University of Lagos. 

RESULTS

The mean, median, and SD of biacromial breadth for all 
age groups are presented by school type in Table 1. The 
last two columns provide comparative data from two 
USA databases. It shows that the diff erences in biacromial 
breadth between public school boys (PUB) and private 
school boys (PRB) were signifi cant (P < 0.05) at age groups 
10-12 years and 14-17 years, with a decrease at age 13 years. 
The results were all consistently between the fi fth and 95th 
percentiles of the US reference data[17] and were well within 
±2 SD of the National Health and Nutritional Examination 
Survey (NHANES III) 1988-1994 data.[18]

Table 2 shows the mean and standard deviation of bi-
iliocristal breadth for all age groups by school type. The 
median values in the last column to the right provide 
comparative US reference data. It shows consistently and 
signifi cantly greater diff erences in bi-iliocristal breadth 
between PUG and PRG (P < 0.05) at all age groups between 
10 and 16 years except at age 17 years. The US reference 
values were not signifi cantly greater than the mean values 
for the PRG except at ages 13 and 15 years. However, the 
results for both Nigerian study groups were between the 
5th and 95th percentile of the US reference data.[19]

Table 3 shows the mean, median, and SD of bitrochanteric 
breadth for all age groups by school type. The last column to 
the right provides comparative US reference data. It is clear 
that the diff erences in bitrochanteric breadth between PUB 

Table 1: Summary of the descriptive and inferential statistics of the biacromial breadth (cm)
Age range (years) PRG 

Mean ± SD
PUG 

Mean ± SD
US referencea 

Median only
NHANES III 
Mean ± SD

9.51-10.50 32.24±2.01 28.56±1.58 32.0 32.1±2.35
10.51-11.50 33.02±2.60 29.30±2.10* 32.0 33.7±2.69
11.51-12.50 32.84±3.66 29.23±3.27* 33.0 35.1±2.32
12.51-13.50 34.27±2.17 30.66±2.53* 33.4 36.4±2.19
13.51-14.50 33.88±3.40 32.65±4.28 34.1 36.6±2.30
14.51-15.50 34.70±2.50 34.42±2.67 35.0 37.0±2.33
15.51-16.50 34.81±1.37 31.63±6.45* 35.2 37.0±2.23
16.51-17.50 34.30±0.14 34.23±1.35 35.4 37.2±2.20
*Differences significant at P < 0.05, PRG = Private school girls; PUG = Public school girls; US referencea = Data adapted from McCammon, 1970; NHANES III = Non-
smoothed US National Health and Nutritional Examination Survey Anthropometric Reference data: Non-Hispanic Blacks 1988-1994, Adapted from Frisancho (2011)
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and PRB were signifi cant (P < 0.05) at all age groups from 
10-16 years. They were also consistently within ±2 SD of the 
NHANES III 1988-1994 data as adapted from Frisancho.[18]

Table 4 shows the mean, median, and SD of chest breadth 
for all age groups by school type. Chest breadth measures 
of the PRB increased from 10-15 years and at 17 years, while 
in the PUB, an increase was observed from 10-12 years 
and 15-17 years. Statistically signifi cant diff erences were 
observed at ages 10 years, 12 years, and 16 years, with the 
PUB having a greater chest breadth.

The Figures 1-4 show the median curves for the breadths 
measured, indicating the pa  ern of growth and variations 
between the two diff erent socioeconomic backgrounds as 
implied by the school type across the ages of the subjects 
that participated in the study. The results are summarized 
in the tables and fi gures below.

DISCUSSION

A plethora of anthropometric protocols exist in the scientifi c 
literature.[19,20] We have adopted those recommended by 
ISAK[21] because of standardization, preference for it among 
most current authors, and the relative ease of its adaptability 
to the Nigerian growth-research environment.[22] Decimal 
age estimation principles as adapted from standardized 
protocols[23] enabled proper classifi cation of all subjects in 
the study and reliable statistical analysis.

The nonapplicability of some of the traditional indices of 
SES to many developing countries has been highlighted by 
recent work,[24] suggesting the need to adopt simpler and 
easily-verifi able criteria, and the use of proxies for SES such 
as area of residence and the type of school a  ended has 
been reported.[25,26] The SES of the family is often refl ected 
in the type of school a  ended by the children: Economically 
advantaged families often prefer fee-paying private schools 
to minimal-fee-paying public schools because the former 
are be  er funded to provide superior educational facilities 
and a more positive learning environment.[26,27]

In this study, private school girls (PRG) recorded higher 
mean values than their public school counterparts (PUG) 
in all parameters measured (bi-iliocristal, biacromial, and 
bitrochanteric breadths) except the chest breadth. Our data 
further indicated that PRG had biacromial breadth and 
bi-iliocristal 50th percentile values quite comparable to the 
USA reference group data.[18] The fi ndings indicate that 
chest breadth variation follows a rather mixed pa  ern, with 
signifi cant chest breadth variations between PRG and PUG 
at ages 10-12 years, followed by nonsignifi cant diff erences 
at ages 13-15 years, while the diff erences became signifi cant 
again at 16 years. Given the nonavailability of international 
reference data to compare with, our rationalizations of the 
fi ndings would only be limited to conjecture at this stage.

The bitrochanteric breadth means for both PUG and PRG 
lie between the fi fth and 95th percentiles of the NHANES III 
reference data, while the 50th percentile values of our study 
samples are quite comparable. It may be useful to note that 
in the NHANES III reference data, bitrochanteric breadth is 

Table 2: Summary of the descriptive 
and inferential statistics of the bi-iliocristal 
breadth (cm)
Age range 
(years)

PRG 
Mean ± SD

PUG 
Mean ± SD

US referenceb 

Median only
9.51-10.50 22.46±1.07 19.22±1.25 22.0
10.51-11.50 22.37±3.64 20.73±2.98 23.0
11.51-12.50 22.75±4.01 20.75±2.47 24.1
12.51-13.50 23.90±3.62 20.87±2.62* 24.3
13.51-14.50 23.32±1.71 21.46±4.10 24.9
14.51-15.50 23.95±2.77 22.40±1.91* 25.2
15.51-16.50 23.34±2.10 22.35±4.67 25.4
16.51-17.50 23.30±1.41 23.75±1.47 25.5
*Differences significant at P < 0.05, PRG = Private school girls; PUG = Public 
school girls; US referencea = Data adapted from McCammon, 1970; NHANES 
III = Non-smoothed US National Health and Nutritional Examination Survey 
Anthropometric Reference data: Non-Hispanic Blacks 1988-1994; Adapted 
from Frisancho (2011)

Table 3: Summary of the descriptive and 
inferential statistics of the bitrochanteric 
breadth (cm)
Age range 
(years)

PRG 
Mean ± SD 

(median)

PUG
Mean ± SD 

(median)

NHANES III
Mean ± SD 

only
9.51-10.50 24.47±2.22 21.70±1.37* 21.7±2.52
10.51-11.50 25.77±4.12 23.83±2.65* 23.1±2.78
11.51-12.50 26.26±4.08 23.45±3.02* 24.2±2.79
12.51-13.50 27.47±2.69 24.18±3.75* 25.4±3.17
13.51-14.50 27.41±2.39 24.55±3.50* 25.3±3.85
14.51-15.50 28.28±1.92 25.55±2.72 26.3±3.86
15.51-16.50 27.67±2.46 26.58±5.50 25.7±3.18
16.51-17.50 28.20±1.56 28.29±2.10 26.1±3.29
*Significant at P < 0.05, PRG = Private school girls; PUG = Public school 
girls; NHANES III = National Health and Nutritional Examination Survey (USA) 
Database 1988-1994, Adapted from Frisancho (2011)

Table 4: Summary of the descriptive and 
inferential statistics of the chest breadth (cm)
Age range (years) PRG PUG
9.51-10.50 18.43±2.14 19.71±0.75*

10.51-11.50 18.68±2.42 21.75±2.12*

11.51-12.50 20.23±2.72 21.78±1.50*

12.51-13.50 20.76±2.75 22.41±1.74*

13.51-14.50 20.40±2.81 22.03±2.17
14.51-15.50 19.11±2.62 22.30±1.95*

15.51-16.50 18.95±2.45 23.09±5.00*

16.51-17.50 18.45±0.49 24.01±1.24*

*Significant at P < 0.05, PRG = Private school girls; PUG = Public school girls
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referred to as bi-iliac breadth. The graphical presentations 
in the fi gures permit graphic visualizations of the pa  erns 
of variations shown in the tables.

The variations in biacromial, bi-iliocristal, and bitrochanteric 
breadth observed in our study may refl ect the variations 
associated with the onset of the adolescent growth spurt.[28,29] 
The adolescent body mass (weight) spurt in girls principally 
includes gains in stature, skeletal tissue, and muscle 
mass.[30,31] Thus, variation in this parameter would partly 
explain the variations in skeletal frame estimates among 
the study sample, as our fi ndings also suggest that children 
from the lower socioeconomic background may have a 
higher body lean mass. However, the nonsignifi cance in 
diff erences suggests that aside from genetics other factors 
may also be at play, including physical adaptation to 
environment stressors.[32-34]

The age-related increments in chest breadth observed 
in our study are consistent with similar observations in 
Mexico.[35] While international norm reference data for 
chest breadth measurement may not be readily available at 
this time,[36] chest breadth was nonetheless included in our 
study because that measure has been shown to provide a 
useful indication of frame size and lean body mass and as 
an estimate of relative weight, and is be  er correlated with 
body mass than with stature.[37,38]

To further explain the observed pa  ern of variation 
in chest breadth measures in our study, anecdotal 
evidence from the public domain suggests that in the 
less economically endowed neighborhoods of urban 
Lagos, the physical activity status of some of the study 
participants may contribute to the observed variation, 
as many children are compelled to travel considerable 
distances with large-rim buckets and wide basins on their 
heads in search of potable water. Frequent engagement 
in street football and street-hawking may also build up 
the upper trunk muscles of these children, resulting in 
adaptively wider chests. Other confounding factors such 
as maturity status, skeletal age, and body fat distribution 
become more pronounced with age.[39,40] As our subjects 
were only classifi ed based on diff erences in chronological 
age, there may have been a dilutional eff ect from mixing 
early- and late-maturers in the same chronological age 
group.

Urban Lagos is a community where the interventionist 
policy of colonial and postcolonial government has had 
a major sociocultural impact. The heterogeneous, mixed 
cultural and multireligious Mendelian population presents 
a milieu with a wide spectrum of variability, in terms of the 
sociocultural lifestyles, economic and living standards, and 
dietary habits, manifested in widely variable physiques 
among the children and adolescent youth, and should 
not be ignored as a possible explanation for the variations 

in skeletal frame size distribution in the area being 
investigated.[41-43]

CONCLUSION

Estimation of the skeletal frame size as a predictor of 
truncal shape and dimensions may indicate the future adult 
shape in the growing youth. This may have implications 
for identifi cation of aptitude for talent in sports, fashion 
modeling, and the military. It may also be a predictor of 
adult risk factors for somatic and other disorders of possible 
endocrine origin. The observed variation may reflect 
lifestyle pa  erns as well as genetic variations existing in 
this population. The fi ndings suggest the anthropometric 
uniqueness of the adolescent Nigerian females in Lagos 
and thus underline the need for a separate morphologic 
nomogram for this population. The prospect of frame 
size estimates as useful proxy measures of total body fat 
and fat-free mass where direct estimation facilities are not 
available has been highlighted. As there are limited data 
for skeletal frame size measures for this population, the 
fi ndings of this study could serve as useful reference data 
in growth research, general clinical practice, and, where 
relevant, major forensic investigation.
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